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GLAUCDKA TRKATKSKT 

7r. is licaticr. relates r: glaucc:.a treac^e.i:. 

Background of the invention 
Glaucoma affects approximately five percent of 
persons who are cider than 65 years ar.d fourteen percent 
of those older than SC years. The visual loss which 
results from glaucoma conditions has been attributed to 
progressive damage of the optic nerve and consequent loss 
of retinal ganglion cells, mediated by elevated 
intraocular pressure (Quigiey et al., invest. Ophthalmol. 
Vis. Scl . l£:505, 1980} . Consequently, therapeutic 
xodaiities have focused or. the xanager.ent of intraocular 
pressure . 

Many compounds nave been proposed to treat 
glaucona. See generally, Hcrlmgton U.S. Patent 
4,425,346; Konurc et al. U.S. Patent 4,396,625; Gubin et 
al. U.S. Patent 5,317,579 ; Yar-asor: et al. U.S. Patent 
4,396,625; and Bodcr et al. U.S. Patent 4,155,005. 

At the present tine, medical control of 
intraocular pressure consists of topical or oral 
administration of a miotic (e.g., pilocarpine) , 
epinephrine derivatives (e.g., dipivaiyl epinephrine,, or 
topical beta blockers (e.g., t inoiol ) . Abelscn U.S. 
4,981,871 discloses the use of a class 1 voltage- 
dependent Ca~~ channel blocking agent (a pheny lalky latine : 
to treat elevated ocular pressure (Specifically, Abel son 
'671 discloses the use of verapamil, which does not cross 
the blood brain barrier and does not reach retinal 
ganglion cells; . 

Miotics lay reduce the patient's visual acuity, 
particularly ir. the presence cf lenticular opacities. 
Uopical beta checkers such as Tir.cicl* have been 
associated vith syster.ie side effects such as fatigue, 
confusion, or ssthrr.a, and exacerbation of cardiac 



U ( t .4 132-5 



s vr.rt:r.3 n a 3 :ccr. rc::r:c: 3:tcr rapid vitndrav?,; cf 
topical ceta t;::-;ers. ~ r a 1 a cc. .n:s;r2::or; c 1 
a n h y d r a s e i nh ;r;t:rs , sue:, as a^Gta^claxide, ^ay a I s c te 
used,, cur tr.es e a a errs car. be associated with syst-. :i: 
5 side effects including enren: c metabc 1 :c acidosis. 

If current methods cf treatment fail to reduce 
intraocular pressure, laser treatment cr a drainage 
operation (e.g., trabeculectomy; is usually performed. 
Summary cf the Invention 
IC We r.ave discovered that glaucoma is associated 

with elevated glutamate. We nave further discovered tnat 
glaucoma management, particularly protection of retinal 
ganglion cells, can he a cm eve d by administering to the 
patient a compound capable cf reducing glutamate- induced 
15 excitotoxici ty m a concentration effective to reduce 

such exci tot oxicity , thereby reducing the loss cf retinal 
ganglion cells resulting from such exci totoxicity . 

3y way of additional background underlying the 
invention, excessive influx of Ca^ + due to giutamate- 
20 mediated receptor activation is thought to underlie 

excitotoxici ty . Several types of ca I c i um-permeabl e ion 
channels that can be involved in this excitotcxicity are 
mentioned below, including voltage-dependent Ca 2 " 
channels, the NMD A receptor channel complex, and other 
25 channels directly coupled to glutamate (or excitatory 
ammo -acid) receptors. Such channels are reviewed in 
Somner , B . and Seeburg , P.M. Glutamate receptor 
channels: novel properties and new clones. Trends 
Pharmacological Sciences 13:291-296 (1992); Nakanishi , S. 
3 0 Molecular Diversity cf glutamate receptors and 

implications for brain function. Science 243:597-603 
(1992 ) • 

One aspect of the invention generally features 
administering antagonists of glutamate- induced 
35 excitotcxicity that are capable cf crossing both the 
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tlocj-rrair, barrier ^ r. d tr.e a carrier :c 

patients with n:n-vas:uZar glaucoma i.e., all types c 

glaucoma other than the type commonly termed "net- 
vascular" glaucoma . A se:cr.d aspect cf the invention 
5 features the use of antagonists that do not have a 

substantial direct effect on glutamate toxicity mediated 
by the L-type voltage dependent Ca~" channel , but instead 
affect glutamate toxicity mediated by other mechanisms 
detailed below. We consider that a compound has a 
1C substantial direct effect on glutamate toxicity mediated 
by the L-type voltage dependent Ca"~ channel if it 
produces a statistically significant result in 
experiments measuring glutamate induced effects by the 
general method described in Karscnian and Lip ton, J. 
15 Physiol. 418: 375-296 (1989) or by ether techniques for 
measuring antagonism of the L-type Ca t+ channel known to 
those in the art. (We contrast the direct effect so 
measured with the secondary effects cf exci toxicity 
mediated by other channels, which m turn causes flow 
20 through the voltage dependent Ca~~ channels.) In 

particular, this aspect cf the invention features use of 
compounds which are not Class I voltage dependent Ca^" 
channel antagonists, e.g., compounds that are not 
phenylalkylamines . Preferably, this second aspect of the 
25 invention features antagonists of the N-methyl-D- 
aspartate ( NMDA) receptor channel complex and other 
glutamate receptor antagonists described in detail below. 
Other useful compounds according to the invention include 
antagonists of non-NMDA receptors -- i.e. antagonists of 
30 glutamate induced excitotcxicity that do substantially 
affect excitotoxicity mediated via the NMD A receptor 
channel complex (e.g., excitoxicity caused by NMD A in 
experiments well known to those m the art), but instead 
operate by antagonizing excitoxicity mediated via ether 
35 glutamate receptors . AIsc, antagonists cf the second 
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aspect are use: :r. prererre: etridizircs c : the first 
aspect of the invention. 

According tc roth aspects, the invert! or 
preferably will he used tc treat patients wr. ich have 
: primary open- angle glaucoma, cnrcric closed-angle 
glaucoma, pseudoexf c 1 iation , cr ether sub-types of 
glaucoma or ocular hypertension. Preferably, the agent 
is administered over an extended period (e.g., at least 
six months and preferably at least one year), regardless 
1C of changes in the patient's intraocular pressure over the 
period of administration. 

Particularly preferred compounds used in both 
aspects of the invention are antagonists of the NMDA 
receptor-channel complex. The term " N"MDA receptor 
15 antagonists" includes several sub- types of NMD A 

antagonists including: a; channel blockers i.e., 
antagonists that operate uncompetitive ly to block the 
NMDA receptor channel; b; receptor antagonists 
antagonists that compete w^th NMD A tc act at the NMD A 
2 0 binding site; c) agents acting at either the glycine co- 
agonist site cr any of several modulation sites such as 
the zinc site, the magnesium site, the redox modulatory 
site, or the polyamine site; d) agents which inhibit the 
downstream effects of NMDA receptor stimulation, such as 
25 agents that inhibit activation of protein kinase C 

activation by NMDA stimulation, antioxidants, and agents 
that decrease phosphat icy 1 incsitc 1 metabolism. 

Other compounds that are useful in the invention 
include voltage-dependent calcium channel antagonists 

2 0 which are described in greater detail below, particularly 

those which cross the blood-brain and blood-retina 
oarriers and which can be administered chronically. 
Other preferred agents act as antagonists cf men -NMDA 
receptors (giutamate receptor types ether than the NMDA 

3 5 receptor complex discussed above;, and include agents 
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which z 1 c cr: ;cr.ctr: r :: g.utar-ate receptors cr ir.teract 
with ^e:a^::rc?:: gluca^ats rs:e:::rs N'akar. :sh; , s^rra , . 
Other preferred agents ac: :c lim.it /reduce; release cf 
gluta-ate fron cells, therer-y acting upstream f rcr the 
5 glutamate receptors ir. me excitatory neurotoxicity 
process. Still otner agents ray act by blocking 
downstream effects cf glut ana :e receptor stimulation, 
e.g., the intracellular consequences of glutamate 
interaction with a cell membrane glutamate receptor, such 
1C as agents (like dantrolene) that clock the rise in 

intracellular calcium following stimulation of cembrane 
glutamate receptors . 

The most preferred compounds are those capable cf 
crossing the blood-cram barrier cr the blood-retinal 
Is barrier; these compounds may be administered orally, 
intravenously, or topically and cross intervening 
barriers including the blood brain barrier to reach the 
retinal ganglion cells. Compounds that do not freely 
cross the blood-brain carrier are less preferred; these 
2 C compound s nay be administered intravi tr ea 1 ly tc the 
retina. In the case of compounds that have an 
intermediate ability tc cross the blood-brain barrier, 
the mode of administration will depend on the dosage 
r ecru i red and other factors. 
25 Among the preferred compounds are amantadine 

derivatives (e.g., r-.emantme, amantadine, and 
rimantadine), nitroglycerin, dextcrphan, 
dextromethorphan, and CGS-19755. See generally, the 
compounds listed in Table 2. 
3C The invention is useful for the reduction or 

prevention (including prophylactic treatment) of damage 
to retinal ganglion cells and their axons comprising the 
optic nerve m patients with glaucoma. 



Ot.^.er features and ad v ?. r. t a ges of tr.e invert:" 
will be apparent frcrr tt- :c;i:v:-: cescnpticn cf the 
preferred embodiment thereof, and : ret the clams. 

Description of the Preferred Embodiments 
5 Tne drawings will firs^ ire briefly described. 

Drawing s 

Fig. 1 is a bar graph of normalized amino acid 
concentrations in gi auccmatous vitreous when compared to 
control vitreous. 
C Fig. 2 is a graph of amino acid concentration cf 

glutamate in vitreous plotted as a function of years cf 
g lauccta . 

Fell owing is 3 detailed description indicating 
that increased levels c t glutarate in. the vitreous is 

5 associated with glaucoma mediated damage cf the optic 
nerve. We do not wish to bind ourselves to a specific 
theory. However, m view of well documented literature 
establishing the excitotoxic effect of glutamate on 
neurons of the central nervous systems, including retinal 

' neurons, it is likely that the compounds of the invention 
are useful for treating glaucoma because of their ability 
to block glutamate induced excitcxici ty . Also outlined 
are assays which provide one skilled in the art with the 
necessary guidance to determine the potential efficacy of 
receptor antagonists m reducing or preventing damage cf 
the retinal ganglion ceils. 
Detection of vitreal Levels of Glutamate 

Vitreous samples from twenty-six glaucomatous and 
n on -glaucomatous patients (on the General Eye and 
Glaucoma Consultation Services of the Massachusetts Eye 
and Ear Infirmary) were assayed. Samples were 
cer.tr if uged at high speed m a Micro fuge for 6 0 minutes 
at 4 ° C . The supernatant was then immediately frozen in 
liquid nitrogen and stored at -SG°C until assayed for 
ammo acid concentration. Amino acid analyses were 



Xassacr.-setts 3er.eral ricspital . I mediately oe fere 
analysis, salicylic acid was added tc each sample. 
Analyses were carried cut by cacior. exchange on a 
5 Becknann Amino Acid Analyzer ; model 63 OC ) , as described 
m detail previously ;Lipton , e: al. *Ve jro- , 2:11, 1991). 
Duplicate analyses cf samples free three controls with 
cataract and three patients with glaucoma were performed 
by the Amino Acid Laboratory at Children's Hospital of 
10 Boston. These duplicate values agreed in all cases 

within 9% of the results obtained at the Massachusetts 
General Hospital laboratory. 

Samples were obtained frcs fifteen patients with 
documented glaucoma and cataract, and from eleven 
1 ; patients with cataract alone. Zach patient with glaucoma 
(either primary open angle, chronic angle closure, or 
pseudoexf oliaticn) had either been on anti-glaucoma 
therapy for at least one year prior to cataract surgery, 
or had undergone a filtering operation for pressure 
2 0 contro 1 . 

Amino acid analyses reveal an approximately two- 
fold elevation in glutamic acid levels in patients with ■ 
glaucoma and cataract when compared to cataractous 
controls (Figure 1 and Table 1) . Data were analyzed by 

25 the students' t test and were significant at p<0.0001. 

Apart'from giutamate, no other statistically significant 
variation in amine acid concentrations was detected in 
these patients. The data were further stratified by 
patient age, axial length cf the eye, sex, race, type or 

2D severity cf catarac; (as judged precper at ive ly ) , etiology 
cf glaucoma, or type of anti-glaucoma therapy. The 
presence and severity of cataract ; based upon pre- 
operative examination and cataract type) were similar 
between the control and glaucor.a groups. Thus the group 
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of patients with catar = ;t alcr.e serve as ar. 
appropriate control group. 

CABLE 1: ratine A::: Ccr.:er.:ra::cr,s ir. Vitreous of 
Control ar,: Glaucoma Patients 

=■ Ar: i n. o Acid : * Controls : Glaucona : 

Alanine 167.4 r 44.3 159.1 r 50. *7 

Aspartate Not Detectable* Not Detectable* 

Glutamic Acid 12.6 r 1.5 22.3 r 2.S + 

Glutanine 479.0 r 33.1 466.1 ± 41.1 

10 Glycine 22. 9 ±5.0 2 7.6 z 22.9 

Histidine 3 4.2 r 3 . ~ 32.5 o 2.3 

1 so leucine 2 5.1 0 1.2 3 4.1 z 4.4 

Leucine 77.5 r 2.5 73.6 z 7.9 

Lysine 1 0 6. 2 r 4.6 101.5 + 7.7 

15 Methionine 21.5 z 2.2 20.1 z 2.9 

Phenylalanine 6 3.4 1 4." 5 8. 9 z 6.9 

Serine 1C5.5 z E.~ 93.6 z 7.6 

Threonine 5 7.5 z 6.5 56. So* 1 . 3 

Tyrosine 15.S r 1.2 15.6 z 1 2 

20 Valine 143.6 z 19.1 143.2 ± 19.4 



( - Ail concentrations are utt.oIs/ 1 iter r standard 
deviation; those ammo acids not tabulated were not 
analyzed . 

' * : Beicw 5 us: ois/ liter. 

2 5 ' * - When compared to control/ significant by the 
students' t test at F < 3.0C01. 
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The "lutanate ccncer.tr a t;:r.s detected in these 
patients were alsc plotted as a function cf time from, the 
diagnosed onset cf the disease with patients having 
cataract alone plotted at time zero. A graph of these 
5 data is shown m Figure 2. The correlation coefficient 
for the line drawn is r = C.7C2. Thus, although elevated 
in all glaucomatous vitreous assayed, there is a direct 
correlation between the level of glutatate and the stage 
of visual loss from glaucor.a. 
1C The elevated glutamate can damage neurons by KXDA- 

mediated activation; and giutatate (or congener) 
activation of no n- NMD A receptors could also contribute to 
retinal ganglion ceil loss, and may be important to 
control, even if the NMD A contribution predominates. 
15 See, generally, Suoher et al. J. N euros ci 11 : 9 6 6 (1991). 

One explanation for the toxic level of glutamate 
found in glaucomatous vitreous is that it is released by 
dying cells during the course of the destruction 
occasioned by the glaucomatous process. For example, 
20 other forms of trauma to nerve cells are known to lead to 
the accumulation of extracellular glutamate (Faden et al . 
Science, 244:798-300 (1989)), and the elevated pressure 
cf the glaucomatous process could exert traumatic injury 
on cells. The glutamate thereby released could, in turn, 
25 lead directly to further neuronal injury. A second 
pcssibi-li ty is that the glaucomatous process (perhaps 
through elevated pressure on the cell soma) leads to 
increased permeabi 1 ity of damaged retinal cells, exposing 
intracellular stores of glutaminase. This might promote 
3 0 the conversion cf glutamine to glutamate. However, 

whatever the mechanism cf generation, this neurotoxin is 
elevated m the glaucomatous population, and therefore 
participates in the destruction cf retinal ganglion ceils 
and the consequent visual loss seen in this disease. 



5elecoicr: cf An:aacr:str 

In view cf cur :;sccvery i r. i\ z such exc;t;:ox:c.ty 
is associated with glaucoma , :r.e :r.ver.-:cr. features 
antagonists having certain specific characteristics, the 
5 ability to cross the blood-brain and rl cod-ret ma 

barriers; and the ability to be administered chronically, 
even when intraocular pressure has been controlled tc 
within normal ranges. Within those guidelines, any 
suitable antagonist of the glutamate induced 
10 exitotcxicity may be used in accordance with the 

invention. As mentioned, in preferred embodiments , K- 
methyl-D-aspartate ( NMD A ) subtype of glutamate receptor- 
channel complex cay be used to reduce or prevent glaucoma 
related injury to the retinal ganglion cells and their 
15 axons comprising the optic nerve with consequent vision 
loss. Many antagonists of the NMD A receptor have been 
identified (Watkms et a!., Trends in Pharmacological 
Sci. .11:25, 199C, hereby incorporated by reference). 
There are several recognized sub-types of NMDA receptor 
20 including: a} channel blockers -- i.e., antagonists that 
operate non-compet itively to block the NMDA receptor 
channel; b) receptor antagonists — antagonists that 
compete with NMD A , acting at the NMD- A binding site; c) 
agents acting at either the glycine co-agonist site or 

2 5 any of several modulation sites such as the zinc site, 

the rragnesium site, the redox modulatory site, or the 
polyamine site; d; agents which inhibit the downstream 
effects of NMD A receptor stimulation such as agents that 
inhibit activation cf protein kinase C activation by NMD A 

3 0 stimulation, antioxidants, and agents that decrease 

phosphat idyl inositol netaoolism . 

Other compounds that are useful in this invention 
include: ether r.cr.-NMDA receptor antagonists, such as 
agents which block ether types cf icnotrcpic glutamate 
3 5 receptors or interact with me tabo tropic glutamate 



receptors; volrage-ieper-en: :al:^: channel ar,taa:r.;sts 
2C3:r;s: 1 , N , 7, ana ? t yp e channels; :5ean, 3 . ? . Ar.nu . 
Rev. Physiol. 51:26~-384 ;i5S5;,* Hess, F. Ar*r.u . Rev, 
Ne'jrcsc:, " 2:337-256 ;19 9 2;j, and are described in 
greater detail below; and agents which act to decrease 
the release of glutar.ate, thereby acting upstream in the 
excitatory neurotoxicity process. 

Table 2, below lists various suitable NKDA and 
non-KMDA receptors which do not operate via the voltage- 
dependent Ca + * ion channel. Tables 3-5 list antagonists 
of the voltage dependent Ca - "* channel, which can be used 
by themselves in connection with the first aspect of the 
invention, and which can also be used in combination with 
other antagonists in the second aspect cf the invention. 
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U745O0A. U75*12E*ixiU74006F 


*EL Nod- NMD A Noo competidTt 




L~4]tf9F. FL-EZ£749. Troiox (**irr 
b > dro* y - bcnryitrmc« 


GYK152466 j 

> — ! 




Cocrjxxind-i thai ictotu Nitric Oudc 
1 (NO) or other ouda&oc mxmc* of lumpen 
i ocooiiic (N'O, NO-) ix>dudii^ tix*c 
li^ed in tbc box bdow 


i 

! 


NaLrogjyccnii u>d denv*bve* So<£ nm i j 
Nicroprttinde, aL&er NO gmci^iA< i 
! luted oo p. 5 of Ihu Ubic 


KitriccBodc f>Tiiiu*e(NOS» Inhibits: 
ArgiaiDc ADjUogi iadodiag N -mooo- j 

1 , ("SNA). N .nirro-L-^T 11 ^ naciivl catrr. 
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Agents Active at 
MeLabotropic GluUmat* 
Receptors 


Decrease glutamic release 


, I 

Drugs to decrease inlracellLiiar ; 
caJdum foUowicg glutamate | 
r<vf rrfor ^tLmuiation 

r i 


10*. Wocken of Met* bo tropic 
Glutamyl* Reccpton 


11. Aj«i* to d«=rc**< |Jul*m»* rde»*e 


rdeJLM 




c>ciofecjt yimteaotme 


Dautroia* (»a4um dtotnun;}; Rywxxi:* (or 
ryfcscxiine + c*iS enc) 


10L A|<Kirt> of VUtabotropic 


CSS \ 145 


Ub. Afeoti InWHidtn LntrfccrflnUr GiJdcjD- 
ATP**< 


v :s. 3Rvi-AiiiJK><r cio f ,criLtric " 1 - 3 " 

dicrboiybc mad [(1S3RVACPD], 
cctnnsoaiy re/ o 'trW-ACTD 


Cooof^^; SN-X-I 11. SVX-1B3. SNX- 
23C 


TiApc i wipfl , cyciopiAXOcu= *dd, BHQ 
(fi^tiT. bKi7l>!.4-tenzoijydroq'JLODoc; 2J-^i- 
(irit-butyI)-1.4bea2ohydroqiiiDOOcl} 




Oorjt-A^rVA. toxifl from venom of 




; Coai^niyii Lh* |ex>er*r Hirhc Oxide 
fNO) or aLhcr cxidaooo tuia of nitrogen 
'taaoozidc (NO*. NO) Uclixfca* ibo*« 
ILfLttJ in 0>c box beJow 






Nim^Jyaaui uxi derivative*. Sodium 
K-r^acic iad otbex NO jwcntirg 
Lusd oo p- 5 of tfcii tiWe 


i 


■ Kitr.conxie ,r^K*« (NOS) ItluH^ ; 

Arpjnfle ^c** inducting N -mcoo- , 
i n^LbyU^-Arpinoe fNMA); N -raaoL- | 

V.^^efhvi-L-orwthH* j . 
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Additional 50-geaerat iixg 



I sosorb ide 
dixitrate (iaordil) 



S-nltrosocaptopril 
( SacCap ) 



Ser-JJn albumin coupled tc 
nitric ciide (SA-KO) 



• CathepsiXi coupled to nitric 
crlde (cathepsin-HO) 



Tissue plasminogen 
a^rtirator coupled to 
50 (TTA-FO) 



Sn-1 (also fcnovn as 
SHI or molsidjomlne ) 



Ion-nitrosyl complexes (e.g., 

nitrosjrl-iron complexes, 
v-'th Iron in the 7e2+ state) 



Hicorandll 



TABLE 3 



Anra-onists cf tr.e v-ltacrs O erer der.t : ^ciu " ---- -els — j_ 
1. 7, ? and et her r^es; 

dihydropyr idmes (e.g., nmcdipme; 
5 phenylalKylaitmes (e.g., verapar.il, ' S ; -er.cpar.: 1 , D-5CC, 
D-5SS} 

benzodiazepines (e.g., d:lt:azen arc: others) 
bepridil and related drugs 
dipheny Ibutyipi per dines 
C diphenylpiperaz ines (e.g., f lunar: z me/ cinnar i z me 
series) 

KOE 166 and related drugs 
fluspirilene and related drugs 

toxins and natural compounds (e.g., snail toxins - 



uccnotcxin GVIA and GVIIA, naitotoxm , taicatoxin, 
tetrandine, nololena texm, plectreurys texm , 
funnel-veb spider ver.or and its toxin fraction, 
agatcxins including u - agate xm II IA and u-agatoxm 
I VA . 



TABLE 4 



DIKYDRCPY R 



calcium channel Ain agonists 



nifedipine 
niludipine 



KW 3 049 



2 5 



30 



25 



"■X 104 8 

f loridme 

nitrendipine 

niscldipine 

nimotlipine 

nicardipine 

f eicdipine 

PV2G0-11C (Isradipme 
CV4 09 3 



PY 106-068 (darodipme 
cesudipine 



oxodipme 
00349* 
TC3 1 

YM-0S73C-5 or (4S, DHP 

IOL7 2 5 67 

Rolc-3981 

DHP-218 

ni Ivadipine 

aclcdipine 

8363-S 

iodipine 

azidopine 



TABLE 5 

CALCIC CHA-VNZI ANTAGONISTS 



diclcrurire 
pir.oz ide 
crervlarine 
fendiline 
perhexii ine 
niof laz ine 

f lunar iz ine / cinnar: z ine 

series 
verapamil 
dilfiazine 
d lpropervi ne 
S ) -e^cpai: I 



r-scc 

I-Soc 

Saith Kline 9512 

rar.clz ine 

iidof laz ine 

CERK-11956 

R-5S735 

R-56865 

an 1 1 or i de 

phenytoin 

thicridaz ine 

tricyclic antidepressants 



:r. Vi:r: Neuronal Cell :ea:r. As--.- 

Ar. antagonist nay re rcr utility in the 

r.err.c: i: the invention by t:r.i::rmg neuronal cell death, 
in retinal ganglion cells incubated vitro with 
5 giuiacate. The ability of the antagonist to reduce 

neuronal cell death is determined by scoring live cells 
which have been incubated overnight with both glutamate 
and the drug. 

Retinal ganglion cells frcrj postnatal rats are 
IC identified and their viability ascertained as follows. 
Under general anesthesia, tne fluorescent dye granular 
blue (Mackrcmoiekuiare Chenic , Unstadt , FRG) is injected 
as approximately a 2k ;w/v; suspension in saline into the 
superior coiliculus of 4- to 7 -day-old Long Evans rats 
15 (Charles River Laboratory, Wiinmgton, MA; . Tvc to 

days later, the animals are killed by decapitation and 
enucleated, and the retinas quickly removed. The retinas 
are then dissociated and culture: m Eagle's nuninum 
essential zeiiur. (MEM, catalog *139C, Gibco Grand Island, 
2 3 NY;, supplemented with 3.7% ;v/v; niethy ice 1 lu lose , 2 aM 
glutaaine, 1 ug/Jtl gentamcm, 16aM dextrose, and 5%(v/v) 
rat seruir., as described in Lipton et al . , J. Physiol., 
385 :361, (1987) (except that when using a [Ca +T ; of 3itK or 
higher — the level found in the vitreous -- Kg""** was 
25 omitted to enhance NMD A recept cr-aediated neurotoxicity - 
- see-, Lew et al. Seurclogy, 40:852-855 (1990); Hahn et 
al. Proc . .Vat ' 1 Acad. Sci . VSA, 85:6556-6560 (1988 ). The 
ceils are plated onto 75 rxr. : glass coverslips coated with 
poiy-L-lysine in 35 rut tissue culture dishes; alutamate 
3C is then added. Sibling cultures receive various doses of 
NMD A receptor-channel conpiex antagonists, or ncn-NMDA 
antagonists with and without gluta~ate (e. g . , 2 5uM) . 

Cell survival is assayed after one day in culture 
at 37 °c in an atrosphere of 5% C2-/ 95% air. Ganglion 
35 ceils can be unegu i voca 1 ly identified by the continued 



presence cf the fluorescent blue eye. -r.e ani.ity c> 
retinal ganglion -ells take up and cleave fluorescein 
lacerate tc fluorescein is usee as an index cf their 
viability as described ir. detail ir. Hanr. et al. , supra. 
5 I've uptake and cleavage correlates well with nerval 
electrophysiological properties assayed with patch 
e lectrodes . 

To perform the viability test, the cell -culture 
medium is exchanged for physiological saline containing 
0.0005% fluorescein diacetate for 15-45 s, and then cells 
are rinsed in saline. Retinal ganglion ceils that do not 
contain the fluorescein dye (and thus are not living; 
often regain visible under both phase -contrast and L~V 
fluorescence optics, the latter because of the continued 
presence of the marker dye granular blue; other dead 
reumal ganglion cells disintegrate and only debris 
regains. In contrast, the viable retinal ganglion cells 
display not only a blue color m the UV light but also a 
yellow-green fluorescence with filters appropriate for 
fluorescein. Thus, the use cf two exchangeable 
fluorescence filter sets permits the rapid determination 
cf the number of "iable ganglion cells in the cultures, 
which are found as solitary neurons or lying among other 
ceils m snail clusters (usually in the ratio of 
approximately 1:10 solitary to clustered). Statistical 
analyses consisting of a one-way analysis of variance 
followed by a Scheffe multiple comparison of means is 
then conducted to determine the effectiveness cf drugs 
such as the NMD A antagonists and/ or non-NKDA antagonists 
m preventing glutamate exc itctcxio ity . 
Use 

An effective receptor antagonist will cause a 
decrease m glaucoma-associated retinal ganglion cell 
damage or death. As described above, the preferred 
compounds which cross the bl ood-rra i n and blood retinal 
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barriers are preferably air.:r.:stere: topically cr orally 
in kr.DVT., physiologically acceptable vehicles including 
tablets, liquid excipients and susper.sic-s . These 
skilled in the art will appreciate hew to formulate 
acceptable therapeutics. 

Antagonists nay ne compounded into a 
pharmaceutical preparation, mg pharmaceutical 
compounds well-known in the art; the exact fomulation 
and dosage cf the antagonist compound depends upon the 
route of administration . Generally, the effective daily 
dose of the antagonists will range from 0.01 to 10C0 
mg/kg. 

Other Embodiments 

Other embedments are within the following claims. 
For example, the method of the invention may be used for 
treatment cf retinal ganglion cell damage associated with 
glaucoma in combination with other modes of treatment, 
e.g, these that are directed to reducing intraocular 
pressure such as those described herein. In the method of 
the invention, a useful compound may be administered by 
any means that allows the compound access to the retinal 
ganglion cells whose axons comprise the optic nerve. The 
compounds useful in the method include antagonists of 
excitatory amino acid receptors (both NMD A and non-NMDA 
subtypes ; that act to reduce retinal ganglion cell 
neuronal injury via the glaucoma mediated rise in 
extracellular glutamate, or which reduce binding of 
glutamate to the KMDA receptor. The antagonists can act 
to prevent cell death by acting at a modulatory site cr a 
co-agonist site, cr by blocking the chain cf events 
initiated by receptor activation. 

Other embodiments are within the following claims. 



What is claimed is 



Claims 

1. A :e:n;: zz ^::ec:in? a human. pat;er.: free 
carnage :c retinal gar.glicr. cells associated vith 
non-vascular : cms cf glaucoma, said cethed cczpr:. ir.g 
5 administrating to said patient a medicament comprising an 
antagonist of giutamate induced exci totcxici t> , in a 
concentration effective to cause reduction of said 
excitotoxicity , said antagonist being capable of crossing 
the blood brain barrier and the blood retina barrier. 

1 C 2. A method of protecting retinal ganglion cells 

against glaucoma associated damage :r. a human patient, 
said method comprising administering to said patient a 
medicament comprising an antagonist cf giutamate induced 
excitotoxicity, m a concentration effective to cause 

15 reduction of said excitotoxicity, said antagonist being 
characterized by the substantial absence cf a direct 
effect on the L-type voltage dependent Ca^~ channel. 

3. A method cf making a medicament for protecting 
a human patient from damage to retinal ganglion cells 

2C associated with non-vascular forms of glaucoma, said 

medicament comprising an antagonist of giutamate induced 
excitotoxicity, in a concentration effective to cause 
reduction of said excitotoxicity, said antagonist being 
capable of crossing the blood brain barrier and the blood 

25 retina barrier. 

4. A method cf making a medicament for protecting 
retinal ganglion cells against glaucoma associated damage 
in a human patient, said medicament comprising an 
antagonist cf giutamate induced excitotoxicity, in a 

3C concentration effective to cause reduction cf said 

excitotoxicity, said antagonist being characterized by 



the substantial ac^er.:o if a :;rc-:: effect zr, tr.e I - type 
v o Ira c e ieper.ier.: Ca" 3 n a nr. e 1 . 

5. Tr.e retr.cc cf :ia;^ 1 :r claim, 4 wherein sa^c 
ar.tagor.ist is capable 2 : crossing the r.ood-cra;r. barrier 
" arid the blood-retina barrier. 

£. The method of any of c 1 a ins 1-4 wherein said 
crlaucom.a is chronic closed-angle glaucoma . 

The method cf any cf claims 1-4 wherein said 
glaucoma is primary open-angle glaucoma. 

10 S. The method cf clams 1-4 where in said glaucoma 

is pseudoexf oliat ion glaucoma. 

9. The method cf claim 2 or claim 4, said 
antagonist being capable of crossing the blood-brain and 
the blood retina barrier. 

15 1j. The met nod of any of claims 1-4 , said 

medicament being administered to said patient topically. 

11. The method of any of claims 1-4, said 
medicament being administered to said patient orally. 

12. The method of any of claims 1-4 , said 
2C medicament being administered to said patient 

mtravitreally. 



13. The method of any of claims 1-4, wherein said 
antagonist is an antagonist of the NMTA receptor-channel 
complex . 
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14. The r.ethcd ;f claims 1-4, wherein, said 
sr.tagcnis: is an antagonist cf gluta.-.ate induced 
excitctoxicity that dees net operate via the >OOA 
receptor channel complex. 

t 15, The method cf any c t claims 1-4, wherein said 

antagonist is one of those listed in Table 2. 

16. The method cf any cf clans 1-4 wherein said 
ledicanent is administered chronically. 

17. The method of any of claims 1-2 -wherein an 
IC antagonist of giutamate exci t o tcxi ci ty lasted m Table 2 

in combination with an antagonist of clutamate 

exci totcxicity listed in Table 3, Table 4 cr Table 5. 

13. The method cf any of claims 2-4 wherein said 
medicament further comprises an antagonist of glut amate 

15 excitotcxici ty listed m Table 2 in combination with an 

A -;- A ^ , . , _ , 

antagonist of giutamate excitctoxicity listed in Table 3, 
Table 4 or Table 5 . 

19. The method cf claim 7 m which said 
antagonist of giutamate excitctoxicity is a listed in 
2 1 Table_2 . 

2G. The method cf claim 6 in which said 
antagonist of giutamate excitctoxicity is a compound 
listed in Table 2 . 

21. The method of claim 9 in which said 
25 antagonist of giutamate excitctoxicity is a compound 
listed in Table 2 . 
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:la.™3 1-4 wherein said 
city is a cozpcund that 
ells. 

2j . The ^etho^ cf ar.y or clair.s 1-4 wherein said 
5 antagonist of gluta-ate exc i tot cxic i ty is a compound that 
-locks the intracellular neurotoxic consequences of 
glutanate interaction with cell nenhrane glutaaate 
receptors . 



22. The reined c: any zf : 
antagonist of gluta-ate exntctcxi 
liruts release of ---tar ate fror. c 



GLUTAMIC ACID ^_ 
GLUTAMINE u 
GLYCINE f 
H1STID1NE L 
I50LEUCINE C 
LEUCINE l 
LYSINE L 
METHIONINE ~ 
PHENYLALANINE 
SERINE 
THREONINE 
TYROSINE 
VALINE 
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